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L'invection coocerne un proofd* el tin dispositif pour tuber un putts, notamment on puits de fortfe pctrolier. ou une canalisation, au 
moyen d*une prfforme tubulate souple, duxctssabk in situ, «vec introduction de U prfforme dans le putts ou dins la csuUtsation I Vim 
longitudiiulement itplie\ puts * pliement per gonflage hydnulique de la prtforme ct application de sa paroi contre cclte du puiu ou de la 
ctnaluanoo, et enfifl durcusemem de U prtforme. Confomdment i rinventioo, U prfforme (8) est msfctc dans un founeau amoviWe (6X 
qui est rifide ou serni-ritide en direction l ongtodlnate , roais est 66 fomubk rsdiikroem. et U mise en place de la prfforme dans le puits 
ou U canalisation se fait aloes qu'elk est concern* dans son founeau (6). ce dernier etant separt de b prcforme et retirt du puiu ou de U 
canalisation en fin d'operation. Tubaje des puits et des canalisations, meme foctement devies. noaramcm dans I'industrie petrolierc 
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PRO CEDE ET DISPOSITIF POUR TUBER UN PUITS, NOTAMMENT 
UN PUITS DE FORAGE PETROLIER, OU UNE CANALISATION, 
AU MOYEN D'UNE PREFORME TUBULAIRE SOUPLE, 
DURCISSABLE IN SITU 

La prtsentc invenUon conceme un precede pour tuber un puits, notamment 
un puits de forage petrolier. ou une canalisation, telle qu'un gazoduc ou un oleoduc par 
exemple. au moyen d'une preforme tubulaire souple. durcissable ifljitu. par exemple 
therm odurcissable. 

L'invenuon conceme egalement un dispositif permettant de mettre en 
oeuvrece proof de*. 

Dans la presente description, et dans les revendi cations, on entendra par Ic 
terme "tuber" I 'action de consolider un puits. ou une canalisation, notamment en vue de la 
reparer. en en revetant la paroi d'un tube rigide. encore appele tubage ou chemisage. 

Par le terme "preforme" on entendra une structure tubulaire qui est 
imualement souple et deformable et qui. une fois placee dans la zone du puits a consoli- 
der. est mise en forme cylindrique. appliquee contre la paroi du puits ou de la canalisa- 
uon. pu,s durcie pour se tier intimemem et a demeure a cette paroi. constituant ainsi le 
tubage ou chemisage. 

Pour 1c tubage d'un puits de forage petrolier. ainsi que pour desapplica- 
nons simdaires. il a deja ete propose des preforn.es tubulaires souples et durcissables 
dcst.nees a etre mises en place a Petat replie longitudinalement - etat dans lequel ellcs 
possfedent un encombrement radial faible - puis a etre depliees radialement. par applica- 
i.on d'un gonnage hydraulique interne. Selon celte technique, qui est notammen. dccriic 
dans les documents FR-A-2 662 207 et FR-A,2 668 241. la preforme possede. apres 
dephement (ou deploiement) radial, une forme strictement cylindrique, de diamfeire bien 
determined 

Un autre type de preforme connu. qui fait notamment I'objel de la 
demande de brevet Internationale W0-94/25655. au nom de la demanderesse possede 
une structure tubulaire qui comprend un tressage de meches souples. composees dc 
fibres, qui s'entrecroisent avec un certain jeu. de sorte que la structure peut s'expanscr 
rad.alement tout en se restreignant en direction axiale sous ! 'effet de Implication d'unc 
surpression a I 'int£ rieurde la prtforme. 

Ainsi. I •expansion de la preforme peut se faire en deux elapes success! ves 
d'abord par depliement, puis par expansion radiale ; on obtient ainsi un degrt d'ex-' 
pans,on ncttement supcrieur a ceux obtenus avec les preformes souples mentionnees plus • 
haut. ce qui permet d'introduire la preforme dans le puits a tuber, et Pamener en la zone 
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souhaitee, en la faisant traverser des ouvertures de faible dimension, par exemple des 
conduits rigides deji en (dace dans le puits. ayant un plus petit diametre interieur. 

Cette technique connue est trts intercssante. dans ia mesure ou die permet 
de boucher des perforations apparaissant dans un puits de production, sans qu it faille 
5 retirer le tubage diji en place, et par consequent sans M tuer le puits'*. 

U est apparu neanmoins des difficultes pour mettre en oeuvre cette 
technique lorsque le puits est fortement devie\ c'esi-&-dire possede un axe formant un 
angle 6 1 evd par rapport & la verticale. voire est horizontal. 

En effet, lorsque le puits est vertical, ou sensiblement vertical, la preTorme 
10 est naturcllcment rcctiligne (sous refTet de la gravid) et die descend regiilicrcment dans le 
puits au cours de sa mise en place. Toutefois, die risque d'fctre endommagec par suite des 
frottements contre les parois du puits ou les difterentes restrictions se trouvant sur son 
passage. 

En outre, si le puits est devie\ ou prfsente des coudes. la preTorme se 
15 dcTorme en raison de sa souplesse, et se positionne inconectement dans l'axe du puits, ce 
qui provoque des frottements, voire des risques de blocage au cours de son enfoncemcnL 

La mise en place de la preTorme dans un puits fortement devie ou 
horizontal est done delicate, et mcmc impossible dans ccrtaines configurations. 

L'invention vise & r^soudre ce probleme. en proposant un proedde* de 
20 tubage d'un puits ou d une canalisation au moyen d*une preTorme tubulaire souplc, 
durcissable in situ , qui puisse cgalement s'appliqucr sans problemes k des puits ou des 
canalisations non venicaux ou ayant une surface inteneure risquant d'endommagcr la 
preTorme. 

Comme dans les proeddes connus, on introduit la preTorme dans le puits 
25 ou la canalisation & Petal longitudinalement replil, puis - lorsqu'elle y a €i€ conectemenl 
positionnee - on la deplie par gonflage hydraulique pour lui donner une forme sensible- 
ment cylindrique. on Tapplique contre la paroi du puits ou de la canalisation, et on 
provoque le durcissement de sa paroi. 

Le proedde* qui fait Pobjet de I invention est remarquable par le fait 
30 qu'avant d'introduire la preTorme dans le puits ou la canalisation, on Pinsere (provisoare- 
ment) dans un founeau amovible, qui est rigide ou semi-rigide en direction longitudinalc, 
mais est dcTormable radialement, et qu'on met en place dans le puits ou la canalisation la 
preTorme contenue dans son fourreau. ce dernier e*tant ensuite - en cours d'opdration - 
separ* de la preTorme puis - en Tin d 'operation retire' du puits ou de la canalisation. 
35 La preTorme se trouve done prisonniere du fourreau, et soutenue par Jut, 

durant toute la phase de sa descente dans le puits ou la canalisation. Ainsi cetie descente 
se fait sans difficultes, mcmc si le puits ou la canalisation est fortement deVie\ voire 
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honzontal. ou prfcente une surface dc paroi risquant d'abimer la pnfforme. De preference 
le fourrcau prtsente une cenaine flexibility qui autorise des parcours courbes ou coudes 

^"nmodepreTerentieldupro^^ 
dans le fountau, de telle sorte que son extremite libre ressorte de celui-cj sur une cenaine 
5 longueur. 

Dans ce cas. dans un premier temps on deplie radialement uniquement la 
portion de prtforme qui depasse du founeau, et on I 'applique contre la paroi du puits ou 
de la canahsation pour obtenir une zone dancrage. aprtequoion extrait le founeau par 
traction vers I aniens (c'est-a-dire vers la sortie du pui ts). 
,U ,. 5* PTOc6d€ »*»PP«que panicuiierement bien a une preforme qui apres 

Dans ce cas. la desolidarisation de la preforme par rapport au founeau 
s opere avantageusement par suite du depliement radial de la portion de la preforme 
comenue da* le founeau, apres quoi s'operent successivement le retrait du founeau et 
expansion radiale de cette m£me portion. 

L'invention concerne igalement un dispositif pour tuber un puits 
notammem un puits de forage petrolier, ou une canalisation, au moyen d'une preforme 
utbulture souple. dont la paroi est thermodureissable in^ ceUe preforme etant 

longiiudinalementetunetatde-pliesensiblementcylindrique. P 

H, , ^ * reman?Uab,e *« ,e fajl «™PO«* un equipement de 

P«e de la preforme. monte a rextremiui d'une tige de commande tubu.aire destinec a etre 
.ntroduite dans le puits ou la canalisation depuis une .etc de puits. cet equipement 
comprenanl : 

ceHe-c, ,, flu.de hydraulique sous pression necessaire a son depliement. et. ,e cas 
echeam. a son expansion radiale. ainsi que I'energie thermique necessaire au durcisse- 
mem dc sa paroi ; * 

d„ n „.. ^ f ° UrreaU am0ViWe S ° ,idaire dC reX,rtmlW de ,a a '^'Weur 
duque. es enseirte au moins panie.lement la preforme. e. qui est rigideousemi-rigideen 
direction longitudinale. mais est deformable radialement de sone qu 'il peu, etre retire de la 
preforme lorsquc celle-ci se trouve a I^tat d<plie\ 

avan _ 56,00 Un certain «»■» * caracterisUques additionnel.es 

a^antageuses. non hmitatives dc l'invention : 

- Ic founeau amovible est un tube fendu. apte a s'ouvrir pour iibercr la 
prcTormeaucoursde son depliement; 
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- la preTorme est solidairc d'un manchon intdrieur arrachable, radiaicmcnt 
expansible par gonflage hydraulique, & I'intlrieur duquel est introduit le liquide hydrauli- 
que fourni par I'outillage de pose et de contrite el servant k dlplier la preTorme, cc 
manchon dtant dcgonfld et sdparf de la preTorme. en fin d'opdration, puts retire" du puits 

5 ou dc la canalisation en m£me temps que I'outillage et le fourreau ; 

- la preTorme est thermodurcissable et, son chauf fage est realise* par effet 
Joule, par rintermddiaire d'un c4We dectrique deTormable, ce dernier dtant stocks sous 
un faible encombrement dans une douille qui est interposde entre rcxtrdmitd de la tige de 
commande et I'outillage et est solidaire dudi t fourreau amoviUe ; 

10 -ce cable a une longueur sensiblcment dgale k celle de la preTorme mise en 

place ; 

- la preTorme est ddpliable et radialement extensible ; 

• la preTorme comprend un tressage de mcches souples s'entrecrotsant 
avec un certain jeu, de telle sorte qu'elle peut s'expanser radialement tout en se restrei- 
15 gnant en direction axiale. le matdriau constitutifde la prd forme dtant une rdsine polymdrisa- 
ble k chaud, dans laquelle est noyd ledit tressage ; 

- le manchon intdrieur arrachable, radialement expansible, comprend 
dgalement (comme la preTorme) un tressage de mcches souples entrecroisdes aptcs k 
s'expanser radialement tout en se restreignant en direction axiile, et qui sont ernprison- 

20 ndes entre des peaux intdrieure el extdrieure souples, certaines desditcs mcches dtant 
remplacdes par des fils conducteurs d'dlcctncitd, aptes k chauffer la prdforme par effet 
Joule, qui sont connectfs dleciriqucment audit cSWe. 

D'autres caractdristiques et avantages de r invention apparattront de la 
description et des dessins annexes qui en reprdsentent un mode de realisation prefcrentiel. 

-5 Sur les figures : 

- la figure 1 est une vue generate schdmatique d'unc installation de tubage 
mettant en ocuvre le proeddd de 1'invention ; 

- la figure 2 est une vue generate, partiellementcoupde, dc rdquipemcnt de 
pose dc la prdforme ; 

30 - la figure 3 reprdsente un tressage de mcches souples entrecroisdes, 

constitutives de la structure de la prdforme et du manchon qui scrt k I'expansion de la 
prdforme ; 

- la figure 4 est une coupe transversale schdmatique du manchon et de la 
prcforme k 1 'diat longitudinalement replies : 

35 * la figure 4A est une vue analogue k la figure 4, representant 1 'ensemble k 

rdtaiddplie; 
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- la figure 4B est une vuc analogue aux figures 4 et 4A. representant 
rensemblearetatdeplieetradialementexpanse; senium 

- la figure 5 est une vue schematique. en coupe longitudinale dc 
I ensemble consume" par la prtfoime et son manchon interieur anachable ; 

5 - la figure 6 est un detail a plus grande echelle de la rone de la paroi de la 

preTorme et du manchon qui est reTerencee VI a la figure 5 : 

- les Hgures 7. 8, 9. 10, 12; 13. 14 et is'sont des vues schematiques 
nuta» A la figure 2, destinees a illustrer les different eupes successi ves de la mise 
en place d un tubage dans un puits de forage pelrolier conformement a Invention a 

10 I'aidederinstallationdefafigurel; "Mention, a 

- les figures 1 1 et 1 1 A sont des coupes transversales correspond 
respectivement au plan de coupe XI de la figure 7 et XI A de la figure 10. ces vues etant 
destines a illustrer la facon don, , a preforme se desolidarise de son fourreau lorsqu'el.e 
passederetatrepliearetatwlindrique. 

15 ft««rc l.onad&igneparla reference P la paroi d«u n puits de forage 

petrohcr don, u„c zone C doit etre tubee ; .a paroi C est par exemple une canalisation 
perforee. Pour y acaSder il faut passer dans une restriction R. 

L'installation de tubage. generalement designee par la reference 1 

-0 tubulairc 13 comportantun cable electrique interieur. un manchon deguidage II decettc 
Ugc - couramment appele "sas" - c, un dispositif 10 servant a pousser la tige 13 dans le 
sas 11 et dans le puits P. 

L-extremitelibredclaugede commanded est pounued'unequipement 

"5 1 T d t. ,a / rtf0rme - rtftrenC<5 2 - Ccl «< constitue essentiel.emen, d«unc 

25 ^"c^nque4fixee.rex rt mi t eHbrede,a,i g e^ 

loge dans le fourreau. et accole a la douille 4. et d'une preforme souple 8 desunec a 6tre 
mise en place dans le puits pour le consolider. 

30 „„v.i , ^» ^forme 8 est portee par un manchon expanseur interieur anachable 9 
30 qu '""ntoure^^ 

sera decnt plus loin en reference nolammem aux figures 5 et 6. L'ensemble preforme 8 / 
manchon interieur 9. initialement coherent, est reference" 7. 

L'ensemble 7 est enserre dans le fourreau 6. et retenu par fricuon a 

35 amere.contre la douille 4. ^ 

c «ensemble7estobtureasesextrtmit6spardesbo U chons92 Le 
bouchon 92 toume vers larriere. e'est-a-dire vers .a sortie du puits. est traverse par un 
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conduit 30 qui le relic h r outillage 3. Ce dernier comprend des moyens aptes a refouler a 
Pintdrieur du manchon, via le conduit 30, un fluide sous-pression fourni au disposilif 
depuis la surface, c'esl-a-dire depuis la tfite dc puits 12 au moyen de la tigc dc commande 
tubulaire 13. ou par pompage du liquide du putts grace a un disposilif de pompage 
5 contenu dans Poutillage 3. 

Par ailleurs, I 'installation comprend un cable dlectriquc 5. qui passe dans 
la tige tubulaire 13, et est cormectde dectriquemeni & 1 'outillage 3, par 1 'interm&fiaire d'un 
cable souple 50. Ce dernier est enroull ou repW sur lui-mame, pour presenter un faible 
encombremcm, et il est log* dans une caviti formant receptacle prtvue dans la douillc 4. 

10 Les cables 5 et 50 servent & alimenter en <leciricit* t via I'omillage 3, 

1'ensemble prtforme - manchon expanseur intlrieur, afin d'y glnlrer par effet Joule la 
chaleur n&essaire au durcissement de la paroi de la prfforme, comme cela sera expliqu* 
plus loin, ainsi qu'a fournir l^nergie dc pompage de Poutillage 3 et d'alimenter tous les 
systfcmes dc contrtfe nfcessaires fquipant cet outillage. 

15 Bicn entendu, le courant eflectrique est fourni depuis la surface, a partir 

d*un g*n*rateur situ* a Pexterieur du puits, rcli6 au cSble 5 aprts sa sortie du disposilif 
10. 

Commc on le voit sur la figure 2, 1'ensemble 7 constiurf par le manchon 9 
ct la prlforme 8 n'est pas complement insert a 1'intlrieur du fcftirteau 6. 
20 On a d£sign£ par la reference 71 la portion de cet ensemble qui se trou ve a 

rint^rieur du fourreau, et par la rtfdrence 70 la portion dipassante. cx^ricure au 
fourreau. 

La parte extdrieure a unc longueur Lo sensiblement plus petite que la 
longueur Li dc la parlie intfrieure 71. A cet *gard. tl convient de remarquer que cette 
25 partie 71 a 6t6 raccourcie artificiellemem sur le dessin (figure 2), pour ne pas en affectcr la 
lisibiliu*. 

A litre indicatif, la longueur Lo est de Tordre de lm, la longueur L| de 
I'ordre de 10 & 30m, el la longueur L 2 , qui correspond au reste de K^quipcmem (douille 
4 et outillage 3), de fordre de 4m. 

30 Comme on le voit sur la figure 11. le fourreau 6 est une envcloppc 

tubulaire cylindrique fendue. c f est-&-dirc incoraplfctement fcrmde. Cette enveloppc, 
r^alisdc par exemple en m*tal ou en matiire plastique, possfcde une certaine rigidity 
longitudinalc, mais est facilement d^formable radialemcnt dans le sens de son ou\ erture, 
comme on le comprend ailment h la simple comparison des figures II et 11 A. 

35 Dans une vaiiante, on pourrait relier les bords en regard de la feme de 

I'envdoppe par des attaches pouvani se rompre facilement au-dcla d'un certain seuil de 
prcssion interne. 
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De preference, I enveloppe est relati vement flexi We ce qui lui permet lout 
en ngidifiant convenablemenc I'ensemNe 7 en direction axiale. de suivre des trajectoires 
non rectilignes (coudes ei courbes), par deformation laterale. 

Dans I'exemple illustre aux figures 3 k 6. la preTorme 8 et le manchon 
•nteneur 9 possedent tous deux une structure similaire. composee d'un tressage de fibres 
souples entrecroisees tel que celui decrit dans le document WO-94/25655 predtc. 

Au besoin on pourra se reporter a cette publication, dont on considerera 
qu'elle fait partie de la prfsente description pour I'interpreiation de PArticle L6I2-5 ler 
alinea, du Code de la PropriAe Intdlectuelle. 

On rappelera. en reference a la figure 3, que les meches souples sont 
reparues en deux series 700a et 700b entrelacecs. formant une structure tubulaire 
deformable. 

La structure peut Ctre replies longitudinalement, puis - sous I'effet d'une 
press,on interne - fitre "mise au rond", c'est-a-dire conform* en cylindre par depliement. 

Si elle est ensuite soumtse a une pression interne plus elevee. on observe 
un deplacemem relaUf des deux series de meches. ce qui entraTne simul tenement une 
expansion radiale et un raccourcissement longitudinal de la structure. 

Us meches souples sont formees de fibres ayant une bonne resistance 
mccaniquc a la traction, par exerople de fibres de carbone ou de verre. et jouent le r6le 
d'armature deformable pour la prcforme et/ou pour le manchon expanseur de la preformc. 

Les figures 4, 4A et 4B representent respecUvement rensemWe 7 a rdtat 
rephe long.tudinalement. pour presenter une dimension transversa* faiWe. ce mcme 
ensemble - rdfcrencc T - mis au rond. de diametre D,. et enfin ce mdme ensemble 
- reference T • a I'efat radialement expanse, de diametre D 2 sensiblement superieur a D, . 

Le diametre et I 'expansibilite radiale de la preforme sont choisis pour que 
D 2 coiTesponde au diametre de la zone & tuber. 

Comme le montrent les figures 5 et 6. la prdforme tubulaire souple 8 
possede une paroi 82. en matiere initialement fluide. dans laqueile sont novees des 
structures tubulaires concentriques tressees 700. La matiere fiuide est une resinc 
synthcuque. thermodurcissablc par polymerisation a chaud. La preforme est poun uc 
d'une peau extdrieurc 80 presentant une face externe munie de depressions 801 el de 
rel,ers802 qui favorisenl son ancrage contre la paroi du puits et ameliorenl I'etancheite. 

Le manchon inteneur arrachable 9, qui est appele "matrice" dans le WO- 
94/25655 deja cite, possede une peau intdneure 91 et une peau exterieure 90. toutes deux 
en matenau souple et elastique, entre lesquels se trouvent la structure deformable tressee 
700. L'.nterfacc entre la peau exierne du manchon et la paroi intdneure 91 de la preTorme 
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8 est traitl, par excmplc par enduciion de silicone, pour qu'il y ait peu d* adherence cntrc 
ces deux parties. 

La prfforme 8 entoure intimement le manchon intdneur 9 qui, comme d*j* 
dit, est obtur* & scs deux extrtmites, de manifcre Blanche, par des bouchons 92. Le 
5 manchon 9 est fix* k la priforme 8 au moyen de manchettes d'extrdmii* 93, qui 
possfcdent des zones affaiblies 94, susceptiMes de se rompre facilement L'introduction 
d un fluide hydraulique & I'intlrieur du manchon, en vue de son gonflage el - corrtlative- 
ment du gonflage de ta prdforme - se fait, comme dijh dit, par une tubulure 30 qui 
dlbouche dans ie manchon et une ou piusieurs ouvertures 300 de passage du fluide. 
10 L'outillage 3 comporte une ou piusieurs vannes appropri6es, pouvant €tre 

commandoes depuis la surface, permetiant d'effectuer le gonflage et le dlgonflage du 
manchon, en contrdlant la pression durant rop£ration, ou un dispositif de pompage 
r*alisant la mdme fraction au moyen du liquide du puits. 

Certaines des mfcches 700 du manchon sont remplacdes par des conduc- 
ts teurs *lectriques (fils chaufTants) relics *lectriquemertt au cable SO. Ainsi, le chauffage du 
manchon intlrieur et, corr*lativement. de la prdforme peut etrc command* aussi depuis la 
surface, par alimentation llectrique des cables 5 et 50. 

Nous alions maintenant dtfcrire une operation de mise en place de la 
prdforme 8 dans une zone C du puits. 
20 L'ensembie 7 form* par la prtforme et le manchon se trouve & I 'dtat replt* 

longitudinalement, tel que celui represent* aux figures 4 et 1 1. Dans cet *lat, il s'inscht 
dans un cylindre de diamfctre Do correspondant sensiblement au diam&tre intlrieur de 
Pcnvcloppe fendue 6 (voir figure 1 1). 

Ce diamfctre Do est plus petit que le diamfctre des differents conduits ou 
25 autrcs restrictions R si tu*s dans le put ts, en arritre de la zone & tuber. 

Comme ddjk dit, seule une partie dc longueur r*duite, en r occurrence la 
partic 70, de 1'cnsemble 7 dlpasse du fourreau 6. Par consequent, la prlforme est 
soutenuc sur la plus grande partie de sa longueur et posstde (avec son fourreau) une 
rigiditc suffisante pour autoriser sa progression rtgulifere & Pinterieur du puits, meme si 
30 eclui-ci est totalement ou en partie d£vi*. 

La tete de pose 2, et la pr* forme, vont done fctre poussees par la tige de 
commandc 13 dans le puits, et s'y enfoncer progrcssivement, comme cela est symbolis* 
par la flfcche F aux figures 7 et 8. La tige creuse 13, de preference en acier, poss&de une 
bonne rigidite axiale, qui lui permet de pousser sans problfcme la xttc 2 dans le puits. 
35 Neanmoins die est suffisamment flexible pour suivre les coudes ou autrcs courbures du 
puits. 
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U paroi du puits ou dc la canalisation C presente en une cenaine zone des 
perforauons. ou autres ouvenures O. qu'on se propose de recouvrir par le tubage. ces" 
a^ireparlapreTorroepolymensee. 

On cease denfoncer la tete 2 dans le puits .lorsque la parte depassante 70 
5 amve juste au-dela des overtures O. position qui correspond a celle i.lustree a .a figure 

Des moyens de controle appropries. connus en soi. sont prevus qui 
pennetient de realiserce bon positionnement. ' 

Bar gonflage hydraulique interne, ia panie depassante 70. et cette parte 
10 seamen, est tout d'abord tnise au rond. puis dilatee radialemen, pour prend* e 
d,ametreD 2 .qu.conespondaudiametreint6rieurdupuits. 

Diffe-rents moyens peuvent etre prtvus pour que le depliement el 
1 'expons.on radiale se fassent priontarement sur la poruon 70. 

Ainsi. par exemple, il est possible d'entourer la parte 71 par des liens 
15 annular dont ,a resistance mfcanique es, suffisante pour empconer ,e d£lieme^ 
cette poruonsousractiond'unepression interne modern. m ais toutefois sufLmepou 
provoquer la deformation de la portion libre 70. 

° n obUem «W un ancrage de la portion 70 contre la paroi du puits en 
avant des perforaUonsO (voir figure 9). • 

u ^augmentation de la pression de gonflage provoquc la rupture des liens 

c, une «. au ro„d de ,a portion de preforme 71. laquelle prend un diaLre D,^ 

Par suite de ce depliement. le fourreau fendu 6 s ouvre et prend une 
> ^Mrauonenfonneg<neraledeU.reTerencee6'alar.gurellA. 

II reste solidaire. par son extnfmite arriere, de la douille 4. 

Dans cette configuration, le fourreau est facilemem extractible. et peu. 

parlance Gala figure 12 s'accompagned'unemise sous traction de la panie de cable 

da fo™ l U ! miXS ° US ,ensi0n com P ,fcte du 50 correspond au rctrai, comple, 

HT f " " Ch0i$ie «"* ««W ' «a longueur du 

•ubage. Le retnut se fa,, fakement, car la preforme est ancree dans le puits 

Une f«s que le fourreau defom* 6' a ete complement retire de la 

colr e dc7eTr 7 ' a PreSSi ° n ^ g ° nnage ' ^ PrOV °" UCr "l—- "-W. 
Z1T ^ ,C diamt,rC D2 (fi * UrC ,3> - l ° UI - se ™™ cissan, 
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Toutc la prfforme vicnt alors s'appliquer iniinicmcni contre la paroi du 
puits C, en recouvrant les perforations O. 

De manifcre connue. toul en mainienant le manchon sous gonflage 
hydraulique, on provoque alors la polymerisation par effet Joule de la r&ine constituant 
5 la prtforme, par alimentation dectrique des Tils chauffants pr€ vus dans le manchon. 

A Tissue de la polymerisation, on ddgonfle le manchon 9, qui se separc de 
la pnf forme durcie - devenue tubage 8* - par rupture des manchettes 93 (figure 14). 

On effectue ensuite une nouvelle traction G' sur la tige 13, laqudle est 
toujours solidaire de la douille 4 et du founeau ouvert 6* ainsi que, par I'intermediaire du 
10 cible tendu 50, sur I 'outillage 3 et le manchon degonfie 9 (voir figure 15). 

L'ensemble peut fctre ainsi retire du puits. . 

Dirttrentes formes de fourreaux rigidificateurs amovibles pourraiem Sire 
prevues ; ce founeau doit aire d'une bonne rigidite longitudinale tout en possidant la 
sou pi esse necessaire k son passage dans un sas non rectiligne. II doit s'ouvrir facilement 
15 pour liWrer la preforme et son epaisseur doit «tre faible pour li miter son encombrement 
radial. 

Par ailleurs il doit pouvoir se refermer lors de son passage k travers les 
restrictions R en vue de son enlevement, grace k une forme appropriee, par exemple 
legeremcntconique. 

-0 Le diametne et Paptitude k la dilatation radiale de la preforme et, correlative- 

mcnt, du founeau seront chotsis en fonction des conditions reellcment renconlrtes, et en 
particulier du diamfetre de la zone de puits k tuber. A tare indicatif, et non limitatir, la 
dimension diamdtrale D 0 de la preforme k Petal replie pourra etre dc I'ordre de 60 a 
100mm, son diametre Di "mis au rond" sera de Tordre de 90 k 150mm, et son diamfctre 

25 D 2 k retat expanse sera de Pordre de 170 k 220mm. 

La technique qui fait J'objet de la pr£sente invention s'applique avantageu- 
sement k une preforme souple k la fois depliable et radialement expansible ; on ne sortirait 
toutefois pas du cadre de 1'invention en Tappliquanl k des prfformes simplcment 
d6piiaUes, mais non extensibles idles que celles ddcrites par exemple dans les documents 

30 FR-A-2 662 207 et FR-A-2 668 241 d€jk cites. 

La polymerisation de la preforme n'est pas obligatoirement faile par effet 
Joule. Ellc pourrait 6tre obtenue par d'autres moyens de chauffage, en particulier par 
introduction d*un liquide chaud dans la preforme, ce liquide pouvant du reste etre lc 
meme que celui qui sen k la gonfler. 

3S La portion d'extre mi 16 libra de la preforme, destinfe a rdaliser son ancrage 

initial, pourrait avoir une deformabilite plus grande que le reste de sa paroi, par exemple 
par adoption d'une epaisseur de paroi plus faible ou du choix d'une mature differente. 
Ceci pcnncttraii de s'aff ranchir des liens de contention dont il a ete fait etat plus haul. 
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REVEND1CAT1QNS 

1 . Prortd6 pour tuber un puits. notammcnt un puiis de forage petrolier. 
ou unc canalisation, au moyen d'une prtforme tubulaire souple. durcissable in situ , selon 
lequel on introduit la prtforme dans le puits ou la canalisation a 1'etat longitudinalement 
replie. puis - lorsqu'elle y a 616 correctement positionnce - on la deplie par gonflage 
5 hydraulique pour lui dormer unc forme sensiblement cylindrique, on 1'applique centre b 
paroi du puits ou de la canalisation et on provoque le durcissement de sa paroi. caracrtris* 
par le fait qu'avam d'introduire la prtforme (8) dans le puits ou la canalisation, on 
Tinsere dans un fourreau amovible (6), qui est rigide ou semi-rigide en direction 
Iong.tud.nale, mais est deTormable radialement. et qu'on met en place dans le puits ou la 
10 canalisation la prtforme (8) contenue dans son fourreau (6). ce dernier cunt ensuite 
rtpart de la prtforme (8) et rcurt du puits ou de la canalisation. 

2. Procetle selon la revendication 1. caracterirt par le fait que la prtforme 
(8) est inserte partiellement dans le fourreau (6) de telle sorte que son extrtmite libre 
ressone de celui-ci sur une ccrtaine longueur (Lo) . . 

3 . Procetle selon la revendication 2. caraclense par le Tail que dans un 
premier temps on deplie radialement uniquement la portion dc prtforme qui depasse du 
fourreau (6). et on I'applique contre la paroi du puits ou de la canalisation, pour obtenir 
une rone d'ancragc. aprts quoi on extrait le fourreau (6) par traction (G) vers 1'aniere. 

4. Proceed selon Tune des revendications 1 43, caracterise par le fail 
qu'on utilise une prtforme (8) qui. apres depliement radial, et mise en forme cylindrique. 
est expansible radialement par gonflage hydraulique. 

5 . Prortde selon la revendication 4. caracterirt par le fait que la ddsolidari- 
sation de la prtforme (8) par rapport au fourreau (6) s'opere par suite du depliement 
radial de la portion de la prtforme contenue dans le fourreau (6). apres quoi s'opfcrent 
successivement l'arrachementdu fourreau (6) et ('expansion radiate de ladite portion de 
prtforme. 

6 . Dispositif pour tuber un puits. notamment un puits de forage petrolier 
ou une canalisation au moyen d'une prtforme tubulaire souple. dont la paroi est 
thermodurassable insitu. cette prtforme etant radialement deTomable sous Peffet d'une 
pression hydraulique interne entre un etat replie longitudinalement et un etat ddplie 
sensiblement c>lindrique. caracrtrirt par le fai t qu'il comporte un equipement (2) de pose 
de la prtforme (8). montc a I'extrtmirt d'une Uge de commande tubulaire (13) desunee 4 
etre introduite dans le puits (P) ou dans la canalisation depuis une tete de puits (12). cet 
equipement comprenant: 



20 
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a) un outillage de pose el dc contr61e (3) portant la prdforme (8), apte & 
fournir k cellc-ci le fluide hydrauliquc sous prcssion ndcessairc & son ddplicmcnu et 
I energie thermiquc n&essaire au durcissement de sa paroi ; 

b) un (bureau amovible (6) solidaire de I'extrlmitd de la tige (13), a 
5 I *int* rieur duquel est enserrte au moins partiellement la prtforme (8), el qui est rigide ou 

semi-rigtde en direction longitudinal^ mais est ddformable radialement de sorte qu'il peut 
6tre retirf de la prtfomie (8) lorsque celle-ci se trouve k I tat ddplid 

7. Dispositif selon la revendication 6, caractlrisl par le fait que ledit 
fourreau amovible (6) est un tube fendu, apte & s'ouvrir pour HMrer la prtforme (8) au 
10 couis de son ddpliemenL 

8 • Dispositif selon Tune des revendications 6 ou 7, caractlrisd par le fait 
que la priforme (8) est solidaire d'un manchon intdrieur arrachable. radialement 
expansible, (9), & I'inttfrieur duquel est tntroduit le liquide hydraulique foumi par 
Toutillage de tubage (3) el servant a ddplier la prlforme (8), ce manchon (9) dtanl 

15 ddgonfll et slparg de la prlforme (8) en fin d'oplration, puis retird du puits ou de la 
canalisation en meme temps que P outillage (3) et le fourreau (6). 

9 . Dispositif selon Tune des revendications 6*8, caractdrise par le fait 
que la prdforme (8) est thermodurcissable, son chauffage *tant rtalis* par effet Joule par 
riniermldiaire d*un cable dectrique d6formable (50), ce dernier 6tant stock* sous un 

20 faiblc encombrement dans une douille (4) qui est interposle enlre I 'extr£mitl de la tige de 
commande ( 13) et I'outillage (3) et est solidaire dudit fourreau amovible (6). 

10. Dispositif selon la revendication 9. caract<ris< par le fait que ledit 
c5blc (50) a une longueur sensiblement dgale a celle de la prtforme (8*).mise en place. 

.11. Dispositif selon la revendication 10/caracterisd par le fait que la 
25 prrfformc (8) est d£pliable et radialement extensible. 

12. Dispositif selon la revendication 1 1, caractlrisl par le fait que ia 
prdforme (8) comprend un tressage de mtehes souples (700) s f entrecroisani avee un 
certain jeu, de telle sorte qu'elle peut s'expanser radialement tout en sc restreignant cn 
direction axiale, le matdriau constitutif de la prdforme ivuit une rdsine (82) pol ymerisablc 
30 a chaud, dans laquelle est noyd ledit tressage (700). 

13i Dispositif selon les revendications 8 a 12 prises en combinaison, 
caracterisd par le fait que ledit manchon (9) comprend dgalement un tressage de mfcehes 
souples entrccroisles (700) aptes a s'expanser radialement tout en se restreignant en 
direction axiale, et qui sont emprisonnfes entre des peaux intdrieure (90) el exterieure 
35 (91) souples. certaines desdites mfcehes Itant remplacdes par des His conducteurs 
d^lcctricitd aptes a chauffer la prdforme par effet Joule, qui sont connectds dectriquement 
audit c5ble (50). 
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METHOD AND DEVICE FOR CASING A WELL, 
PARTICULARLY AN OIL WELL BORE OR A PIPE, 
USING AN IN SITU CURABLE FLEXIBLE TUBULAR PREFORM 

The present invention concerns a method for casing a well, particularly an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable in situ , for example by thermosetting. 

The invention also concerns a device that enables this method to be implemented. 
In the present description and in the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particularly for repairing it, and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The term "preform" is understood as being a tubular structure that is initially flexible and 
deformable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closely to and 
remains on said wall, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an internal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR-A-2 668 241, the preform has a strictly 
cylindrical shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of preform, which is the subject of the international patent application 
WO-94/25655, in the name of the applicant, has a tubular structure of braided flexible strands, 
composed of fibers, which are interlaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the preform. 

Thus, the expansion of the preform can be done in two successive stages, first by 
unfolding, then by radial expansion. In this way a degree of expansion is achieved that is clearly 
greater than those obtained with the above-mentioned flexible preforms, which allows the preform 
to be inserted into the well to be cased, and to take it to the desired area 
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by making it pass through small openings, for example rigid conduits already in place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
5 consequently without "killing the well.* 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is, it has an axis forming a sharp angle to the vertical, and can even be horizontal. 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
10 installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the preform is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 
1 5 The installation of a preform in a highly deviated or horizontal well is therefore awkward, 

and even impossible in certain configurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
20 damaging the preform. 

As with known methods, the preform is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been properly positioned, it is inflated hydraulicatly to give it 
an appreciably cylindrical form, it is applied against the wall of the well or the pipe, and its wall is 
cured. 

25 The method according to the invention is notable in that, prior to inserting the preform into 

the well or pipe, it is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid in the 
longitudinal direction, but is radially deformable, and the preform contained in its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the preform, 
and at the end of the operation, being removed from the well or pipe. 

30 The preform is therefore enclosed in the sleeve during the entire phase of the descent 

into the well or pipe. Thus, this descent is done without difficulty, even if the well or pipe is highly 
deviated, or even 
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horizontal, or has a wall surface that risks ruining the preform. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the preform is partially inserted into the sleeve so 
that its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of preform protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is, toward the well head). 

This method applies particularly well to a preform which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the preform from the sleeve is performed advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particularly an oil well bore or a 
pipe, using a flexible tubular preform, the wall of which is thermosetting in situ , this preform being 
radially deformable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the preform, mounted at the 
end of a tubular control shaft intended to be inserted into the well or the pipe from a wellhead, this 
equipment being composed of: 

a) an installation and control tool carrying the preform, suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thermosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
deformable so that it can be withdrawn from the preform when the latter is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 
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- the preform is integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the preform at the end of the operation, then removed from the well or pipe at the same time as 
the tool and the sleeve; 

- the preform is thermosetting and is heated by the Joule effect, by means of a 
deformable electrical cable that is stored in a small space in a shell that is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed preform; 

- the preform is unfoldable and radially extendable; 

- the preform has a braiding of flexible strands that are interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

- the extractable interior sleeve tube, radially expandable, also (like the preform) has a 
braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 
In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for installing the 
preform; 

- Figure 3 represents a braiding of interlaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
preform in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4, representing the assembly in the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A, representing the assembly in the 
unfolded and radially expanded condition; 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the preform and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as VI in Figure 5; 

- Figures 7, 8, 9, 10, 12, 13, 14 and 15 are diagrammatic views similar to Figure 2. 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1; 

- Figures 11 and 11A are transverse cross sections corresponding respectively to the 
cross section plane XI of Figure 7 and XIA of Figure 10, these views being intended to illustrate 
the way in which the preform is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1, the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it, the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1, includes in a known way 
a wellhead 12, a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 1 1 for this shaft, and a device 1 0 used to push the shaft 13 into the guide sleeve tube 1 1 and 
into the well P. 

The free end of the control shaft 13 is provided with preform installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13, a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4, and a flexible preform 8 
intended to be installed in the well in order to strengthen it. 

The preform 8 is carried by an extractable interior expander sleeve tube 9, which the 
preform encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularly to Figures 5 and 6. The preform 8/interior sleeve tube 9 
assembly, initially coherent, is referenced as 7. 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3, which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 
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conduit 30 passing through It which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30, a pressurized fluid supplied to the device 
from the surface, that is, from the wellhead 12 by means of the tubular control shaft 13, or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an electric cable 5 which passes into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up little space, and it is housed in a cavity formed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the preform - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
curing the wall of the preform, as will be explained further on, as well as to furnish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2, the assembly 7 composed of the sleeve tube 9 and the 
preform 8, is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length L© that is appreciably smaller than the length L, of the 
interior part 71. In that respect, it should be noted that this part 71 has been artificially 
foreshortened in the drawing (Figure 2), in order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length L t on the order of 
10 to 30 meters, and the length L 2i which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1 , the sleeve 6 is a cylindrical tubular jacket that is split, that is, 
not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 1 1 and 1 1 A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure is exceeded. 
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Preferably, the jacket is relatively flexible, thus allowing it to follow non-rectilinear paths 
(elbows and curves) by lateral deformation, while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example illustrated in Figures 3 to 6, the preform 8 and the interior sleeve tube 9 
both have a similar structure, composed of braided flexible interlaced strands as described in the 
above-mentioned document WO-94/25655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L612-5, 1st paragraph, of the Intellectual 
Property Code. 

It will be seen, in referring to Figure 3, that the flexible strands are distributed in two 
interlaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an internal pressure 
- "made round," that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as deformable reinforcement for the preform and/or 
for the preform's expander sleeve tube. 

Figures 4, 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced T - 
made round with diameter D 1f and finally this same assembly - referenced T - in the radially 
expanded condition with diameter D 2 appreciably greater than D,. 

The diameter and the radial expandability of the preform are chosen so that D 2 
corresponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular preform 8 has a wall 82, made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that is thermosetting by the heat-cure method. The preform is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9, which is called "matrix" in the above-mentioned 
WO-94/25655, has an interior skin 91 and an exterior skin 90, both of which are made of a 
flexible and elastic material, between which the braided deformable structure 700 is located. The 
interface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 
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is treated, for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely surrounds the internal sleeve tube 9 which, as already mentioned, 
is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the preform 8 by 
means of end collars 93, which have weakened areas 94 that can break easily. The introduction 
of a hydraulic fluid into the sleeve tube in order to inflate it - and correctively to inflate the 
preform - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be Controlled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device performing the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the internal sleeve tube, and 
correctively of the preform, can also be controlled from the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the preform 8 in a section C of the well. 

The assembly 7 formed by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented in Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter D„ that appreciably corresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter D 0 is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70, of the assembly 7 protrudes from the sleeve 6. As a result, the preform is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even if the well is totally or partially deviated. 

The installation head 2, and the preform, are therefore going to be pushed by the control 
shaft 13 in the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13, preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, it is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O, that 
are to be covered by the casing, that is, the cured preform. 

The pushing of the head 2 into the well is stopped when the protruding part 70 reaches 
just beyond the openings O, which position corresponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art, are provided in order to accomplish this 
proper positioning. 
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By internal hydraulic inflation, the protruding part 70, and only this part, is first rounded 
out, then radially expanded to the diameter D 2 , which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the part 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate internal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the preform portion 71 is achieved, which 
has a diameter D 1 (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6' in Figure 11 A. 

It remains integral, by its rear extremity, with the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
preform by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12, is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the preform is anchored in the well. 

Once the deformed sleeve 6' has been, completely removed from the preform, the 
inflation pressure is increased to cause the complete radial expansion of the assembly 7. which 
assumes the diameter D* (Figure 13). while becoming shorter axially. 
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The whole of the preform is (hen applied closely against the wall of the well C, covering 
the perforations O. 

In a known way, while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of, by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened preform - which has become casing 8* - by breaking the collars 93 (Figure 14). 

New tension G' is then placed on the shaft 13, which is always integral with the shell 4 
and the open sleeve 6' so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different forms of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber, it must open easily to release the preform, and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and correlatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example/the diameter D 0 of 
the preform when folded may be on the order of 60 to 100 mm, its "rounded" diameter D, will be 
on the order of 90 to 150 mm, and its expanded diameter D 2 will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to preforms that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241 . 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particularly by introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformability than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 
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CLAIMS 

1. Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the preform is introduced into the well or pipe in the 
longitudinally folded condition, then - when it has been property positioned - it is inflated 
hydraulically to give it an appreciably cylindrical form, it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially deformable, and the preform (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the preform (8). and 
removed from the well or pipe. 

2. Method according to claim 1. characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to claim 2, characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 
or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of claims 1 to 3, characterized by the fact that a preform (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to daim 4, characterized by the fact that the separation of the 
preform (8) from the sleeve (6) is performed after the radial unfolding of the portion of the preform 
contained in the sleeve (6), after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the preform are performed successively. 

6. Device for casing a well, particularly an oil well bore or a pipe using a flexible tubular 
preform the wall of which is thermosetting jnsitu, this preform being radially deformable under the 
effect of internal hydraulic pressure between a longitudinally folded condition and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8). mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation arid control tool (3) carrying the preform (8). suitable for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thermal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13), inside which the preform 
(8) is at least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is 
radially deformable so that it can be withdrawn from the preform (8) when the latter is in its 
unfolded condition. 

7. Device according to claim 6, characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the preform (8) during its unfolding. 

8. Device according to either of claims 6 or 7, characterized by the fact that the preform 
(8) is integral with an interior extractable radially expandable sleeve tube (9). inside which is 
introduced the hydraulic liquid furnished by the casing tool (3) and serving to unfold the preform 
(8). this sleeve tube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8. characterized by the fact that the preform (8) 
is thermosetting and is heated by the Joule effect, by means of a deformable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9. characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8"). 

11. Device according to claim 10. characterized by the fact that the preform (8) is 
unfoldable and radially extendable. 

12. Device according to claim 11, characterized by the fact that the preform (8) has a 
braiding (700) of flexible strands that are interlaced with a certain spacing, in such way that the 
preform (8) can be radially expanded while being restricted in the axial direction, the material 
comprising the preform being a heat-curable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interlaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible interior (90) and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the preform by the Joule effect, which are electrically connected to 
said cable (50). 



[see original for figures] 
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